Introduction
The results of surgical treatment for gastric cancer have been improved by early detection and meticulous surgical procedures in Japan. However, we still face recurrence in patients with advanced gastric cancer, even with extended surgical treatment [1] .
Many clinical trials of adjuvant chemotherapy could not prove survival benefits. Only a few metaanalyses of adjuvant trials reported the possibility of survival benefits [2, 3] . According to the guidelines from the Japanese Gastric Cancer Association [4] , the efficacy of adjuvant chemotherapy after curative resection for gastric cancer has not been established. A well-designed large-scale phase III trial is needed, with a surgeryalone arm, to prove the benefit of adjuvant chemotherapy.
S-1 is a dihydropyrimidine dehydrogenase (DPD)-inhibitory fluoropyrimidine (DIF), which showed the highest response rate among many oral anticancer agents against unresectable advanced gastric cancer in early and late phase II studies [5] [6] [7] . In these phase II trials, S-1 showed 40% and higher response rates with acceptable low toxicity. Based on these results, a phase III trial to compare S-1 with two other regimens is underway as a JCOG (Japan Clinical Oncology Group) trial for unresectable and recurrent gastric cancer.
At the same time, the high response rate and low toxicity of S-1 has led to its adjuvant use. Oral anticancer drugs are also attractive for outpatient use. A feasibility study to confirm the safety of S-1 for adjuvant chemotherapy after curative surgery was necessary before starting the phase III trial.
Patients and methods

Design of the trial
The trial was non-blinded and open-label. The primary endpoint was the rate of accomplishment of the scheduled adjuvant chemotherapy. Secondary endpoints were the incidence and grade of adverse reactions.
In this trial, the sample size was 50, without any calculations based on statistical assumptions.
Patient eligibility
Patient eligibility required compliance with the following criteria: gastric adenocarcinoma with histological proof; operative findings revealing advanced gastric cancer (T2 or more); curability B resection, defined in the Japanese classification of gastric carcinoma [8] ; sufficient oral intake; no prior treatment except for surgery; and more than 19 and less than 76 years of age. Patients also had to have adequate organ function (4000 Յ leukocytes Ͻ 12 000/mm 3 ; thrombocytes, Ն100000/mm 3 ; total bilirubin, Յ1.5mg/dl; GOT and GPT, less than twice the normal limits at each institution; creatinine, Յ1.5mg/dl). Patients expected to receive medication and to be followed-up regularly for more than 48 weeks. Patients with a history of drug hypersensitivity, serious surgical and non-surgical complications, or active secondary cancer were excluded. Pregnant or lactating women were excluded. This study was approved by the institutional review board at each site, and written informed consent was obtained from all patients.
Treatment schedule
Chemotherapy consisted of eight courses (4-week administration and 2-week withdrawal) of S-1 (tegafur, gineracil, oteracil potassium; Taiho Pharmocentical, Tokyo, Japan) at 80-120 mg/body per day according to the body surface area (BSA): BSA Ͻ 1.25 m 2 , 80 mg/day; 1.25 Յ BSA Ͻ 1.5m 2 , 100 mg/day; 1.5m 2 Յ BSA, 120mg/ day. S-1 was administered orally, twice daily after meals for 4 weeks after surgery. Doses were modified in accordance with the following guidelines. When adverse reactions appeared, the dose was reduced from 120 to 100mg/day or from 100 to 80mg/day, or administration was temporarily discontinued. The withdrawal period due to adverse reactions was less than 16 days in the same course, with a maximum of 28 days' administration of the drugs in total. Treatment was discontinued when the patient showed recurrence of disease or adverse reactions that were uncontrollable by dose modification and temporary withdrawal of drug administration. A 48-week period of temporary drug withdrawal was the limit set for a patient not being able to enter a new course.
Evaluation of toxicity
The National Cancer Institute Common Toxicity Criteria (NCI-CTC; 1998) were adopted to determine the toxicity of the chemotherapy.
Results
In November 2000, an interim analysis was performed in order to determine whether to continue further recruitment of patients. Because information from the periodic safety report of use-results surveillance (September 24, 2000) from Taiho Pharmaceutical to the Ministry of Health, Labor, and Welfare revealed there were no specific adverse reactions in up to two courses in 110 patients who received S-1 within 30 days after surgical resection of gastric cancer, and because a feasible result was obtained by monitoring the patients in the present study, we decided to complete recruitment at 41 patients.
Of the 41 patients, 6 patients were ineligible. Four patients had received curable A resection, 1 patient had received intraoperative chemotherapy with cisplatin (CDDP), and the other patient had distant metastasis at the time of the operation. Thirty-five patients were eligible (full analysis set [FAS] ). Table 1 shows the characteristics of the FAS. Thirty of the 35 patients (85.7%) had rather advanced stage disease (TNM stage IIIA or more; Table 1 ). Table 2 shows drug compliance in each course and the reasons for discontinuation of drug administration. In 7 of the 35 patients (FAS), administration of S-1 was discontinued due to recurrence. The planned eight courses of S-1 were administered to 17 patients (60.7%). In 4 patients, drug administration was discontinued in the first course at the patient's request, due to anorexia. The main reason for discontinuation was recurrence of disease. Table 3 shows the drug compliance of the FAS (days and total amount of the drug). In every course, drug compliance was maintained at more than 85% (86.0%-90.4%). In the total of 35 patients (FAS), the percentage of actual administration days against the total number of planned administration days (28 days ϫ 8; 224) was 79.0% (median) and 69.7% (mean). Concerning the amount of the drug, compliance was 75.2% (median) and 67.3% (mean). Table 4 shows summaries of the adverse reactions that developed in more than 10% of the 41 patients in total, grouped as laboratory findings-based and clinical findings-based. Of the laboratory findings-based adverse reactions, neutropenia was the most frequent, in 35 of the 41 patients (85.4%) followed by leukopenia (75.6%), increase in serum total bilirubin (53.7%), GOT (41.5%), anemia (hemoglobin [Hb]; 41.5%), anemia (RBC; 34.1%), alkaline phosphatase (ALP; 26.8%), GPT (26.8%), lactate dehydrog-enase (LDH; 24.4%), thrombocytopenia (24.4%), proteinuria (24.4%), lymphopenia (19.5%), anemia (hematocrit [Hct]; 14.6%), hyperkalemia (12.2%), blood urea nitrogen (BUN; 12.2%), and hypoalbuminemia (12.2%).
Among the clinical findings-based adverse reactions, anorexia was the most frequent (68.3%), followed by fatigue (61.0%), diarrhea (58.5%), nausea (51.2%), stomatitis (51.2%), pigmentation changes (46.3%), weight loss (39.0%), rash (31.7%), and vomiting (19.5%). Concerning the incidence and grade of laboratory findings-based adverse reactions, grade 3 adverse reactions were seen with neutropenia, leucopenia, lymphopenia, anemia (Hb), GOT, and GPT. However, there were no grade 4 adverse reactions. In the clinical findings-based adverse reactions, grade 3 adverse reactions were observed with anorexia, fatigue, diarrhea, and weight loss. There were also no grade 4 adverse reactions. Figure 1 shows comparisons of the incidences of the main adverse reactions in a late-phase II study [9] and those in the present study. When compared with the data from the late-phase II study [9] , a higher incidence of adverse reactions was observed in the present study.
Discussion
As mentioned in the "Introduction", S-1 is an attractive oral anticancer agent for advanced gastric cancer, with a high response rate and low toxicity. The possibility of outpatient use of S-1 has increased the convenience for both doctors and patients, and it has led to the idea of using S-1 as an adjuvant chemotherapeutic agent. Up to 1999, there were no trials of S-1 use in the adjuvant setting. Therefore, as a prerequisite to conducting a large-scale clinical trial of adjuvant S-1, the present study was carried out to confirm the feasibility of adjuvant S-1 given after curative gastrectomy. Survival benefits of adjuvant chemotherapy after curative resection of gastric cancer have not yet been proved by a large-scale prospective randomized trial, as stated in the guidelines of the Japanese Gastric Cancer Association (Japanese guidelines). Even though Comparison of incidence of adverse reactions with that in a late phase II study [9] Macdonald et al. [9] , in 2001, confirmed the effectiveness of the combination of 5-fluorouracil with radiotherapy as an adjuvant after curative gastric surgery in a randomized clinical trial, the Japanese guidelines have not changed up to now, probably because of differences in the local control rates after different types of surgery between the United States and Japan. The local recurrence rate is negligible after systematic lymph node dissection (D2 or more) in Japan. However, in the United States, the local recurrence rate is usually much higher with less aggressive surgery (D0 or D1). The incidence of local, invisible, residual cancer cells in eligible patients in the study of Macdonald et al. [9] were quite different from those in the Japanese candidates for adjuvant therapy. That is why we still think that survival benefits of adjuvant chemotherapy after curative resection of gastric cancer have not yet been proved in Japan; only metaanalyses will show the survival benefit of adjuvant chemotherapy. S-1 is expected to be a promising agent for adjuvant use. The high response rate of S-1 in advanced gastric cancer gives a rationale for expecting a certain survival benefit with S-1 in the adjuvant setting.
Because the standard treatment of locally advanced gastric cancer is still surgery, a randomized controlled trial with a surgery-alone arm is essential to prove the efficacy of adjuvant chemotherapy.
According to the "Results", no grade 4 adverse reactions were observed.
In the FAS, excluding the patients with recurrence, 17 of the 28 patients (60.7%) received the planned eight courses of S-1. Drug compliance was acceptable. In every course, drug compliance was over 85% in the FAS.
Problems in this study were a higher incidence of adverse reactions when compared with that in the phase II trials and postmarketing surveillance [10] , and a high incidence of patient refusal, due to adverse reactions in the first course, which was not seen during the postmarketing surveillance of 110 patients who received S-1 within 30 days after surgical resection of gastric cancer (as mentioned in "results"). The reasons for these problems, especially the early appearance of anorexia, may be the influence of surgery, because the patients in this study had rather advanced disease and had received D2 or more aggressive gastrectomy with frequent combined organ resections. It is difficult to deny the possibility of gastro-intestinal (GI) toxicity of S-1; however, the adverse reaction was not bone marrow suppression, which is a dose-limiting toxicity of S-1. In this protocol, S-1 administration was started within 4 weeks after surgery. In the early postoperative period, patients have not yet recovered from surgical stress, and the limitation of food intake due to aggressive gastrectomy is a possible cause of exacerbation of adverse reactions such as anorexia and nausea. To prevent these problems, a delay in the start of drug administration seems necessary for adjuvant use. Except for these problems, the administration of S-1 for 1 year seems feasible as postoperative adjuvant chemotherapy for gastric cancer.
Based on this feasibility study, a prospective randomized controlled trial was started in 2001 to evaluate the efficacy of S-1 as adjuvant chemotherapy; in this trial S-1 administration is started within 6 weeks after surgery.
We expect that a significant survival benefit of S-1, with less toxicity, will be shown by this trial, and that this could be the standard treatment after curative gastrectomy.
